INTRODUCTION
In the absence of high-energy radiation, hydroxyl radicals (OH') are probably formed in biological systems only when transition-metal ions participate in a Fentontype reaction. In this reaction suitable reduced metal complexes (M+) decompose H202 to form the OH radical (eqn. 1):
M++H202-÷M2++OH-+OH'
(1)
In biological systems transition-metal ions are complexed, with various affinities, to other molecules. This usually dictates that Fenton reactions will take place at the site ofmetal binding (Samuni et al., 1981; Gutteridge, 1984a) . Such site-specific reactions often make OH radicals difficult to detect and scavenge (Gutteridge & Halliwell, 1982; Gutteridge, 1984a) .
Recently it was observed that the 'superoxide-driven Fenton reaction' could be inhibited by CuZn-SOD at two different stages (Gutteridge, 1985) . The The superoxide dismutases so far isolated are known to contain copper+zinc, iron and manganese at their active sites (Fridovich, 1975 (Fridovich, ,1983 However, such a simple scheme does not appear to apply to the manganese-containing enzyme (Pick et al., 1974; McAdam et al., 1977a) . The copper, iron and manganese ions of all three types of SOD can be reduced with H202, although, unlike CuZn-SOD and Fe-SOD, Mn-SOD is not inactivated by H202 (McAdam et al., 1977b) . The following experiments were carried out to see whether the copper and manganese enzymes differed in their protective activities when added to an iron-H202 chelate reaction generating OH' radicals.
MATERIALS AND METHODS Materials
CuZn-SOD (bovine erythrocyte), 2-deoxy-D-ribose, catalase (bovine liver, thymol-free), albumin (human, fatty acid-free), xanthine oxidase (type 1) and hypoxanthine were from the Sigma Chemical Co., Poole, Dorset, U.K. Units of catalase and xanthine oxidase activity were as defined in the Sigma catalogue. Mn-SOD was a gift from Dr. J. Walker, M.R.C. Molecular Biology Abbreviations used: SOD, superoxide dismutase; TBA, thiobarbituric acid.
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Laboratory, Cambridge, U.K., and was further purified by gel filtration on Sephadex G-75. Mn-SOD was standardized by using Aja = 13.2 (Harris, 1977) . All other chemicals were of the highest grade available from BDH Chemicals, Poole, Dorset, U.K.
The Fe3+-EDTA complex was prepared as previously described (Gutteridge, 1984b) . Reaction mixtures contained the reagents shown in appropriate Tables at the final reaction concentrations stated. The xanthine oxidase solution, containing 0.7 unit/ml, was treated with Chelex-100 resin to remove contaminating trace metals.
Deoxyribose degradation
The release of TBA-reactivity by an iron salt from deoxyribose (Gutteridge, 1981) was used as the assay procedure for the formation of OH' radicals (Halliwell & Gutteridge, 1981) . After damage to deoxyribose, TBAreactivity was developed by adding 0.5 ml of TBA reagent (1%, w/v) in 0.05 M-NaOH and 0.5 ml of 2.8% (w/v) trichloroacetic acid. The tube contents were heated for 10 min at 100°C and the resulting absorbance was read at 532 nm. Results shown are the means for three or more separate assays, which differed by less than 5 %, and were calculated after the subtraction of appropriate blanks.
RESULTS
The addition of iron, copper, cobalt, manganese and titanium salts to H202 in the presence of deoxyribose showed that, of these transition-metal ions, only Mn2+ did not bring about OH' formation (Table 1 ). This suggests that H202 does not react with Mn2+ to form OH. However, both the CuZn-SOD and Mn-SOD inhibited O2--and H202-dependent deoxyribose degradation in the presence of an Fe3+-EDTA chelate (Tables 2 and 3) .
An attempt to demonstrate, within a single experiment, the two SOD-inhibitable stages of the 02--driven Fenton reaction are shown in Tables 2 and 3 . After 11 h the O2--generating reaction had gone to completion, since there was no further production of urate (measured at 290 nm), allowing the spontaneous dismutation of 02--to H202 to occur. When an Fe3+-EDTA chelate and substantially inhibited by the addition of catalase (Table 2) . Albumin added as a control for non-specific radical-scavenging effects showed no significant inhibitory activity (Table 3 ). In this reaction the SODs and catalase were acting catalytically, since heat-denaturation in the presence of phosphate buffer substantially decreased their activities (Fig. 1) . When urate, which is present in the xanthine oxidase O2--generating system but not in the H202 reaction, was added to the H202 system lower inhibitory activities were seen for the SOD enzymes (Table 4 ). This decrease in activity was not protected against by the inclusion of albumin (0.15 mg/ml) ( Halliwell, 1984) . was present at the start of the reaction addition of SODs When 02'-is generated in the presence of an and catalase after 11 h had no significant inhibitory effects Fe3+-EDTA chelate then the later addition of SODs or on deoxyribose degradation ( (Kittridge & Willson, 1984) . However, the addition of several different proteins at 4 times the concentration of SOD failed to increase the percentage inhibition seen in the reaction, and did not, therefore, point to enzyme inhibition. Urate is a strong reducing agent able to reduce ferricyanide, and could, therefore, conceivably be providing an 02---independent route to OH' formation. Urate will, of course, be present in the complete reaction system, which is inhibited by some 70% by the two SODs. The loss of inhibition by SODs seems to occur when Fe3+ chelate, H202 and urate are mixed. The fraction of the overall reaction that is not inhibited by SOD appears to increase as the rate of deoxyribose degradation is decreased by the presence of urate, a known radical scavenger (Matsuchita et al., 1963; Ames et al., 1981) .
Several different experiments have shown that heatdenaturation of CuZn-SOD is not always a good control for its enzymic participation in reactions (Halliwell & Gutteridge, 1981; Gutteridge et al., 1984) , since after being heated it often retains and regains SOD activity. However, when heated -for 10 min at 100°C in 98 mM-phosphate buffer, pH 7.4, a substantial loss of activity was seen for both the SOD enzymes. Catalase, however, was almost completely inactivated by heating for 1 min at 100 'C. These differences confirmed that the SODs were not contaminated with catalase or the catalase with SODs.
These results confirm that the two stages of the 02--driven Fenton reaction, when carried out as two separate experiments, are substantially inhibited by both CuZn-SOD and Mn-SOD. This suggests that the Fe2+ chelate formed in eqn. (3) in the 'stage 2' reaction does not participate in the Fenton reaction (eqn. 4), and that the ultimate Fe2+ reactant is formed by an O2--reduction step. However, when inhibition is demonstrated in a single reaction system, with xanthine oxidase-generated 02--, the presence of urate appears to decrease the SOD-inhibitable part of the 'stage 2' reaction. This then appears to give the stoichiometry for OH' formation that might be expected if the iron(II) complexes were formed both directly (eqn. 3) and indirectly from the 02'-generated in eqn. (3).
